The Schottky contacts of Ag/SiO 2 /p-Si were fabricated by thermal evaporation at 20 K. The effect of annealing temperatures varying from 373 to 773 K on the morphology and electrical properties of these contacts was investigated. The average grain size increased while the density of grains decreased with increasing temperature. Ideality factor initially observed was as high as 4.15 with a low barrier height of 0.04 eV for contact grown at 20 K. Annealing resulted in shift of ideality factor and barrier height towards ideal behavior. Thus, it is demonstrated that Ag/SiO 2 /p-Si contacts grown at low temperature can be modified by annealing.
Introduction
Metal-insulator-semiconductor (MIS) devices have been investigated for last few decades and have attracted much attention as it is a key component in a number of semiconductor devices like integrated circuits, photodiodes, high frequency systems and sensors. Unless specially fabricated, a Schottky barrier diode possesses a native oxide layer between metal and semiconductor. The existence of such an insulating layer converts MS devices into MIS and strongly influences its electrical and structural properties. [1] [2] [3] [4] [5] [6] For a Schottky contact, the Barrier Height (B.H.) and the Ideality Factor (I.F.) mainly determines its electrical parameters. 7, 8 Furthermore, surface and interface smoothness also plays an important role in the contact formation. 9 The aim of this work is to fabricate Ag/SiO 2 /pSi MIS type of Schottky contacts at 20 K and modify them by annealing at different temperatures to study the variation in the electrical properties and effect of surface morphology.
Experiment
Modified Schottky junctions were formed with "Ag" on p-type Si with (100) orientation and doping concentration of (1.5-3.5) × 10 17 cm −3 . MIS device structure was made on the native oxide layer of SiO 2 . Thermal evaporation of "Ag" was carried out in a UHV chamber at approximately 1.5 × 10 −9 torr and during the deposition the substrate temperature was kept at 20 K using a closed cycle Helium cryostat. A 75 nm thick "Ag" film was deposited on 3.6 nm thick SiO 2 , confirmed by Ellipsometer. I-V measurements were carried out by using MDC's CV system with KEITHLEY 237 source meter, where tungsten probe was used as Ohmic contact. Surface morphology was determined by Agilent's Picoplus AFM in tapping mode. Annealing of samples was carried out in a horizontal tube furnace, in flowing "Ar" (5 sccm) in the temperature range from 373 K to 773 K for 30 min. After each anneal, I-V measurements and AFM characterization were carried out at room temperature.
Results and Discussion

AFM analysis
Atomic force microscope (AFM) was used in tapping mode to determine the surface morphology of the deposited "Ag" film. Figures 1(a)-1(c) shows 3D AFM images of the as grown "Ag" films and after annealing at 373 K and 473 K, respectively. In the as grown samples, the grain density was as high as 1.4 × 10 10 cm −2 with average size of 8000 nm −2 . Annealing pronouncedly decreased the density of grains with appreciable increase in grain sizes. This is due to agglomeration of smaller particles to form bigger ones. The results are summarized in Fig. 2 . The size of 'Ag' grains appears to play a key role in the electrical properties of the MIS device as discussed later.
I-V analysis
For MIS Schottky diode the forward bias current flows mainly due to the thermionic emission. 10, 11 The forward bias current I is given by the relation:
where V is the applied voltage and n is ideality factor of the diode which is the deviation from ideal behavior, T is the absolute temperature, q is the charge of an electron, K is the Boltzmann constant, R s is the series resistance of the device, and I 0 is the reverse saturation current which can be expressed as:
where φ B is barrier height (B.H.), A is the effective area of the diode and A * is the effective Richardson constant. Ideality factor (I.F.) can be expressed as: The slope of the linear region substituted in Eq. (3) is used to calculate the values of I.F. and are shown in Fig. 4 as a function of annealing temperature. It is observed that it decreases sharply and then become constant with increasing annealing temperature, while B.H. increases.
The AFM study of Ag/SiO 2 /p-Si morphology revealed a density of 8000 nm −2 . grains of "Ag" after growth at 20 K. The oxidation of such smallsized "Ag" can increase the contact resistance. But this resistance is much smaller than Si-SiO 2 interface resistance which is playing a main role in the device performance, so it can be neglected. On the other hand, small grains cause the increase in I. 
Conclusion
Electrical and structural morphology was carried out to study the effect of low temperature growth and the post annealing process ranging from 373 K to 773 K on Ag/SiO 2 /p-Si Schottky contacts. It was observed that low temperature growth resulted in grains of smaller sizes. Consequently, high I.F. of 4.15 and almost negligible barrier height of 0.04 eV was observed. At 373 K an ideal behavior was observed with Ideality factor of 1.02 and a barrier height of 0.83 eV. With further increase in annealing temperatures, the ideality factor and barrier height, both increased. Also large size grains were formed at higher annealing temperatures and affecting the electrical parameters of the MIS device.
